Low-molecular-weight proteinuria is one of the characteristic clinical manifestations of renal tubular and interstitial diseases. Low-molecular-weight proteinuria is defined as excessive urinary loss of α1-microglobulin, β2-microglobulin, or other low-molecular-weight plasma proteins. The current study examined the ratio of urinary α1-microglobulin to microalbumin in 24 Chinese pediatric patients with renal tubular and interstitial diseases, including 10 patients with Dent disease, 2 patients with Lowe syndrome, 6 patients with acute tubulointerstitial nephritis (ATIN), 4 patients with acute tubulointerstitial nephritis with uveitis syndrome (TINU), and 2 patients with nephronophthisis (NPHP). Patients with steroid-sensitive nephrotic syndrome, IgA nephropathy, Henoch-Schonlein purpura nephritis, or lupus nephritis served as control groups. In all of the patients with tubular and interstitial disease, urinary α1-microglobin increased 10-300-fold above the upper limit of the normal range, the ratio of urinary α1-microglobulin to microalbumin was greater than 1, and the percentage of low-molecular-weight plasma proteins (LMWP) in urine was greater than 50% according to urine protein electrophoresis. There was close correlation between the ratio of urinary α1-microglobulin to microalbumin and the percentage of LMWP in urine according to urine protein electrophoresis (r = 0.797, p = 0.000). We suggested firstly that the ratio of urinary α1-microglobulin to microalbumin, greater than 1, can be used as a diagnostic criterion for tubuloproteinuria.
Introduction
Low-molecular-weight proteinuria is one of the characteristic clinical manifestations of renal tubular and interstitial diseases, such as Dent disease, Lowe syndrome, acute tubulointerstitial nephritis (ATIN) without or with uveitis syndrome (TINU), Fanconi syndrome, and nephronophthisis (NPHP) (1, 2) . Lowmolecular-weight proteinuria is usually detected with urine protein electrophoresis (SDS polyacrylamide gel electrophoresis), but this technique is complicated and time-consuming. Elevated levels of urinary β2microglobulin and α1-microglobulin can also serve as markers of low-molecular-weight proteinuria, but there are no definitive levels of those plasma proteins in urine.
The current study examined the ratio of urinary α1microglobulin to microalbumin in several types of renal tubular and interstitial diseases that present in childhood in order to determine whether that ratio could be used as a diagnostic criterion for tubuloproteinuria.
Subjects and Methods

Participants
This study was approved by Peking University First Hospital (No. 2014-826) and followed the guidelines of the 2000 Declaration of Helsinki and the 2008 Declaration of Istanbul. Consent was obtained from all patients and their families.
Data were collected from 24 Chinese pediatric patients with renal tubular and interstitial diseases, including 10 patients with Dent disease, 2 patients with Lowe syndrome, 6 patients with ATIN, 4 patients with TINU, and 2 patients with NPHP. Patients were seen from January 01, 2014 to December 31, 2016 and were analyzed retrospectively. All patients presented with proteinuria. Patients with steroid-sensitive nephrotic syndrome (NS), IgA nephropathy, Henoch-Schonlein purpura nephritis, or lupus nephritis were also included as control groups. These patients were seen during the same period, and each group consisted of 20 patients. Data were collected upon diagnosis.
The clinical diagnosis of Dent's disease is based on meeting all three of the following criteria: i) lowmolecular-weight proteinuria (elevated urinary excretion of α1-microglobulin at least 100-fold greater than the upper limit of the normal range, or greater than 50% low-molecular-weight plasma proteins (LMWP) in urine according to urine protein electrophoresis); ii) hypercalciuria (> 0.1 mmol/kg according to 24-hour urine collection or > 0.21 mg/mg calcium to creatinine ratio according to a spot sample); and iii) at least one of the following: nephrocalcinosis, kidney stones, hematuria, hypophosphatemia, or renal insufficiency.
The identification of a mutation in either CLCN5 or OCRL1 confirms the diagnosis (3, 4) . The clinical diagnosis of Lowe syndrome is based on meeting three of the following criteria: congenital bilateral cataracts, renal Fanconi syndrome, hypotonia and neonatal areflexia, motor and mental developmental delays, and facial dysmorphisms. The identification of a mutation in OCRL1 confirms the diagnosis (5, 6) .
The clinical diagnosis of ATIN without or with uveitis is based on the clinical course and laboratory examinations including urinalysis and a renal function test. A percutaneous renal biopsy reveals diffuse interstitial nephritis with infiltration of neutrophil and eosinophil granulocytes and numerous lymphocytes and plasma cells. No granuloma is found. Typical bilateral anterior uveitis concurrent with or preceding or following the onset of renal dysfunction corroborates the diagnosis of TINU (7, 8) .
The clinical diagnosis of NPHP is based on multiple organ involvement that includes at least abnormal renal and liver function or cysts, and urinalysis may reveal a renal concentration defect. The identification of a mutation in NPHPs confirms the diagnosis (9,10).
Clinic and laboratory examinations
Results of all examinations, such as a quantitative test of 24-h urinary protein, were examined. The presence of α1-microglobinuria and microalbuminuria was also determined. Results of urine protein electrophoresis were examined.
Statistical analysis
Statistical analysis was performed with SSPS 12.0 software. Every index was measured three times and summarized as the mean ± SD, and the relationship between the ratio of urinary α1-microglobulin to microalbumin and the percentage of LMWP in urine according to urine protein electrophoresis was analyzed using Pearson's correlation coefficient. An independentsamples test was used to examine the mean ratio of urinary α1-microglobulin to microalbumin and the mean percentage of LMWP in urine in patients with renal tubular and interstitial disease and the control groups. P values less than 0.05 were considered statistically significant.
Results and Discussion
All 24 patients presented with proteinuria. Patients with Dent disease or Lowe syndrome had proteinuria in the nephrotic range while patients with ATIN, TINU, or NPHP had proteinuria that did not fall in the nephrotic range. Urinary α1-microglobin and microalbumin both increased significantly in all patients. This was especially true for α1-microglobin, which increased 10-300-fold above the upper limit of the normal range. In all patients, the percentage of LMWP in urine was greater than 50% according to urine protein electrophoresis, and the ratio of urinary α1-microglobulin to microalbumin was greater than 1. Urinary α1-microglobin and microalbumin and the percentage of LMWP in urine were closely correlated (r = 0.797, p = 0.000), as shown in Table 1 .
In contrast, urinary microalbumin increased substantially but α1-microglobin was almost normal in all four control groups. There were almost no LMWP in urine according to urine protein electrophoresis, and the ratio of urinary α1-microglobulin to microalbumin was near zero. The level of α1-microglobin, the ratio of urinary α1-microglobulin to microalbumin, and the percentage of LMWP in urine according to urine protein electrophoresis were much higher in patients with renal tubular and interstitial diseases than those in the four control groups (p < 0.01), while the level of microalbumin was much lower in patients with renal tubular and interstitial diseases than that in the four control groups (p < 0.01), as shown in Table 2 .
Low-molecular-weight proteinuria is one of the major clinical manifestations of renal tubular and interstitial diseases. Low-molecular-weight proteinuria is defined as excessive urinary loss of α1-microglobulin, β2-microglobulin, or other low-molecular-weight plasma proteins. The current study examined the ratio of urinary α1-microglobulin to microalbumin in several types of renal tubular and interstitial diseases that present in childhood, including Dent disease, Lowe syndrome, acute tubulointerstitial nephritis, and nephronophthisis, in order to find an easy, simple, and quick diagnostic criterion for tubuloproteinuria.
Dent disease is an X-linked recessive renal tubulopathy, and low-molecular-weight proteinuria is its increased markedly (about 300-fold above the upper limit of the normal range) in the 2 patients with Lowe syndrome, and the ratio of urinary α1-microglobulin to microalbumin was greater than 1. This suggests that the ratio of urinary α1-microglobulin to microalbumin could be used to measure LMWP in urine in patients with Lowe syndrome.
Tubulointerstitial nephritis (TIN) is characterized histologically by inflammation of and damage to tubulointerstitial structures, with relative sparing of glomerular and vascular elements. The clinical manifestations of TIN vary. The severity of renal impairment ranges from asymptomatic urinary abnormalities to mild azotemia, and even to nonoliguric and oliguric acute renal failure (ARF) (18, 19) . The nonspecific nature of the clinical findings in TIN highlights the need to perform a renal biopsy to make a definitive diagnosis in questionable cases. Systemic manifestations of hypersensitivity, such as a fever, rash, and arthralgia, vary. However, mild to moderate proteinuria (less than 1 g/day, mainly low-molecular-most constant feature. It mainly affects male children, and female carriers are generally asymptomatic (11, 12) . The level of proteinuria often reaches the nephrotic range (13, 14) . This hampers the diagnosis of Dent disease and explains why it is often treated as NS (15) (16) (17) . The current results indicated that urinary α1-microglobin increased markedly (200-300-fold above the upper limit of normal, 0-12 mg/L) in all 10 patients with Dent disease, and the ratio of urinary α1microglobulin to microalbumin was greater than 1. This suggests that the ratio of urinary α1-microglobulin to microalbumin could be used to measure LMWP in urine in patients with Dent disease.
Lowe syndrome is also an X-linked recessive renal tubulopathy that involves the eyes, central nervous system, and kidneys. Renal disease is primarily characterized by renal Fanconi syndrome, including lowmolecular-weight proteinuria, proximal renal tubular acidosis, renal phosphate wasting, hypercalciuria, aminoaciduria, and hypokaliemia (5, 6) . The current results indicated that urinary α1-microglobin also weight proteinuria) is found in most patients with TIN. When tubulointerstitial nephritis is combined with uveitis, the condition is known as tubulointerstitial nephritis and uveitis (TINU) syndrome. This condition is mainly seen in children with a favorable renal prognosis (2) . The diagnosis of TIN or TINU is difficult because of variable and nonspecific clinical manifestations. Studies have reported that urinary α1-microglobulin and β2-microglobulin excretion increase in patients with TINU (20, 21) . The current results indicated that urinary α1-microglobin increased significantly (about 100fold above the upper limit of the normal range) in the 6 patients with ATIN and in the 4 patients with TINU, and the ratio of urinary α1-microglobulin to microalbumin was greater than 1. This suggests that the ratio of urinary α1-microglobulin to microalbumin could be used to measure LMWP in urine in patients with TIN or TINU.
Nephronophthisis (NPHP) includes a group of rare autosomal-recessive cystic kidney diseases, characterized by a broad genetic and clinical heterogeneity and accounting for the majority of genetic causes of endstage renal disease (ESRD) during childhood. NPHP is associated with extra renal manifestations in 10-15% of patients (22, 23) . The diagnosis of NPHP is difficult because of its genetic and clinical complexity (24) . However, the kidneys and liver are involved in most cases, and a low urine specific gravity and lowmolecular-weight proteinuria are commonly seen in urinalysis (25) . The current results indicated that urinary α1-microglobin increased close to 100-fold above the upper limit of the normal range in 2 patients with NPHP, and the ratio of urinary α1-microglobulin to microalbumin was greater than 1. This suggests that the ratio of urinary α1-microglobulin to microalbumin could be used to measure LMWP in urine in patients with NPHP. However, albuminuria in the nephrotic range is also seen in a few patients with NPHP (26) , and LMWP in urine is not always specific to NPHP. NS, IgA nephropathy, Henoch-Schonlein purpura nephritis, and lupus nephritis are the most common glomerular diseases that present during childhood. Proteinuria caused by these glomerular diseases mainly involves albumin. Upon diagnosis, urinary microalbumin increased markedly but α1-microglobin was almost normal in all 4 control groups, there were almost no LMWP in urine according to urine protein electrophoresis, and the ratio of urinary α1-microglobulin to microalbumin was near zero. The ratio of urinary α1microglobulin to microalbumin differed substantially from that in patients with renal tubular and interstitial diseases.
In conclusion, this study is the first to suggest that a ratio of urinary α1-microglobulin to microalbumin greater than 1 can be used as a diagnostic criterion for tubuloproteinuria. However, this study has several limitations. The sample size was small, few types of renal tubular and interstitial diseases were examined, and only pediatric patients were included. Multicenter and larger-scale studies are needed to verify the current results.
